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摘 要 
 
目的：1. 利用全脑血管造影技术(DSA)和磁敏感加权成像(SWI)观察动脉瘤性蛛
网膜下腔出血(aSAH)患者脑静脉循环的变化，并探讨其对患者病情的判断价值。 
2. 利用血栓弹力图(TEG)研究 aSAH 患者凝血功能的变化，旨为评估患者凝血及
纤溶系统的改变提供新的思路。 
方法：1. 收集南京军区福州总医院 57 例 aSAH 患者、48 例未破裂动脉瘤患者及
45 例非动脉瘤患者(正常对照组)，利用 DSA 观察并比较三组患者脑微循环时间
(mCCT)及脑静脉循环时间(vCCT)及脑微血管及皮质静脉的显影特征。 
2. 对经开颅动脉瘤夹闭手术的34例aSAH患者术后一周行SWI检查，观察脑深部
静脉的形态学变化，进行脑深部静脉的形态评分，并推算大脑内静脉的相位值差
(Δφ)，以此反映脑静脉的血氧水平。分析不同病情程度及不同预后aSAH患者脑
深部静脉的形态评分、脑静脉血氧水平的差异；同时，选取健康成年志愿者30例
作为正常对照组，与aSAH患者进行比较脑深部静脉的形态评分、脑静脉血氧水
平的差异。 
3. 收集术前及开颅动脉瘤夹闭术后(术后1-3d、7-9d、11-13d)42例aSAH患者的肘
静脉血，同时收集43例健康志愿者的静脉血作为对照组，利用TEG及D-二聚体比
较aSAH患者术前D-二聚体及TEG指标与对照组的不同，比较不同出血量患者D-
二聚体及TEG指标的差异，分析不同预后的aSAH患者术前、术后的D-二聚体及
MA值的变化趋势。 
采用 SPSS21.0 软件进行统计分析，P < 0.05 认为有统计学意义。 
结果：1. aSAH患者脑微血管及皮质静脉的DSA显影发生了改变。aSAH患者的
mCCT(6.15±1.37 s)、vCCT(2.79±0.34 s)较未破裂动脉瘤患者 (3.63±0.39 s；
2.63±0.36 s)及正常对照患者(3.74±0.50 s；2.64±0.32 s)均延长，P值均<0.05，但
aSAH患者的mCCT较vCCT延长更显著(P<0.001)，病情较重的患者vCCT较病情
较轻的患者vCCT延长(P<0.01)。未破裂动脉瘤患者与正常对照患者的mCCT及
vCCT相比较，均无显著差异(P=0.131；P=0.621)。 
2. aSAH 患者脑深部静脉形态发生了改变，其脑深静脉形态评分明显低于正常对
照组的脑深静脉评分，差异有统计学意义(2=14.880，P=0.001)。脑深部静脉评分
厦
门
大
学
博
硕
士
论
文
摘
要
库
摘要 
II 
 
与 GCS 评分、GOS 评分均呈显著正相关，相关系数分别为 r = 0.502，P=0.002；
r = 0.582，P=0.000；脑深部静脉评分与 Hunt-Hess 分级、改良 Fisher 分级均呈显
著负相关，相关系数分别为 r = -0.495，P=0.003；r =-0.514，P=0.002。预后不良
组 aSAH 患者大脑内静脉相位值差 Δφ(1449.3±321.5)均明显高于预后较好组
aSAH 患者(1010.6±184.6)及正常对照组(892.7±116.7)，差异均有统计学意义
(Z=3.455，P=0.001；Z=4.367，P=0.000)；预后较好组 aSAH 患者大脑内静脉的 Δφ
高于正常对照组，差异具有统计学意义(Z=2.874，P=0.004)。即 aSAH 患者病情
越重，脑深静脉形态改变越明显，脑静脉血氧含量越低。 
3. aSAH患者术前的D-二聚体水平(3.43±6.15 mg/l)较对照组患者(0.27±0.26 mg/l)
明显增高，差异具有统计学意义(Z=7.338，P<0.001)；aSAH患者术前的R值
(3.84±0.82 min)较对照组患者(4.54±0.99 min)明显降低，差异具有统计学意义(t=-
3.503，P=0.001)； aSAH患者术前的MA值 (61.18±4.56 mm)较对照组患者
(59.04±4.10 mm)增高，差异具有统计学意义(t=-2.266，P=0.026)。出血量较多的
aSAH患者D-二聚体水平(4.66±7.41 mg/l )较出血量较少的aSAH患者(1.21±0.87 
mg/l )明显增高，差异具有统计学意义(Z=2.848，P=0.004)；比较出血量较多的
aSAH患者R值(3.82±0.85 min)、MA值(61.41±4.84 mm)与出血量较少的aSAH患者
R值(3.89±0.81 min)、MA值 (60.76±4.15 mm)，均未见显著性差异 (Z=0.487，
P=0.626)、(Z=0.223，P=0.823)。预后不良aSAH患者的D-二聚体水平在术前、术
后变化明显，在术后7-9d达峰值，D-二聚体的水平均高于预后较好的患者；预后
不良患者的MA值在术前、术后呈逐渐上升趋势，预后较好的患者仅在术后7-9d
升高明显，之后呈降低趋势。 
结论：1. aSAH患者急性期存在脑微循环时间延长，在病情较重(Hunt-Hess分级4-
5级)的患者也存在脑静脉循环时间的延长。mCCT和vCCT可以作为aSAH急性期
患者病情严重程度的评估方法。 
2. aSAH后，患者脑深部的静脉形态发生了异常改变，血氧含量下降，且病情较
重的患者改变明显，提示患者可能存在脑静脉循环障碍。SWI可用于评估aSAH患
者术后的脑静脉循环状态。 
3. aSAH急性期患者处于血液高凝状态，同时容易继发纤溶亢进，检测D-二聚体
可评估纤溶亢进状态，手术7天后aSAH患者更容易形成高凝状态。TEG结合D-二
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聚体可以更好地评估aSAH患者凝血、纤溶功能状态。 
关键词：动脉瘤性蛛网膜下腔出血；脑静脉；磁敏感加权成像；血栓弹力图；凝
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Abstract 
Objectives: 1. To observe the change of cerebral venous circulation in 
patients with aneurysmal subarachnoid hemorrhage(aSAH) by using digital 
subtraction angiography(DSA) and susceptibility weighted imaging(SWI), and then 
investigate its value in judging the patients' condition. 
2. To study the change of coagulation function in patients with aSAH by using 
thrombelastography (TEG) and to provide a new way to evaluate changes of 
coagulation and fibrinolysis system. 
Methods: 1. 57 patients with aneurysmal subarachnoid hemorrhage, 48 cases with 
unruptured aneurysm and 45 cases of non-aneurysm patients (normal control group) 
admitted to Fuzhou General Hospital of Nanjing Military Command were collected in 
our study. Microvascular cerebral circulation time(mCCT) and venous cerebral 
circulation time(vCCT) were measured and compared among them by using digital 
subtraction angiography(DSA). Meanwhile, the imaging characteristics of cerebral 
microvascular and cerebral cortical veins in patients were measured in DSA imaging. 
2. 34 patients with aSAH received SWI examination at one week after neurosurgical 
clipped, their morphological changes of deep cerebral veins were observed and scored. 
The internal cerebral venous blood oxygen content were estimated by the veins phase 
value(Δφ). The differences of morphological score of deep cerebral veins 
and  internal cerebral venous blood oxygen content in the patients with different 
condition and prognosis were analyzed. Meanwhile, 30 healthy adult volunteers were 
selected as normal control group. And the differences of morphological score of deep 
cerebral veins and  internal cerebral venous blood oxygen content  were compared 
between normal control group and patients with aSAH. 
3. The elbow vein blood samples of 42 aSAH patients were collected before the 
operation and the 1th~3th,7th~9th,11th~13th day after neurosurgical clipped. At the 
same time, samples of 43 healthy adult volunteers were selected as normal control 
group. TEG and D-Dimer were used to compare the differences between aSAH patients 
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and the control group before operation. TEG and D-Dimer were compared in aSAH 
patients with different amount of bleeding. The trends of D-Dimer and maximum 
amplitude (MA) were analyzed in patients with different prognosis before and after 
operation. 
A P value of <0.05 was considered to be statistically significant. The statistics software 
used for data analysis was the IBM spss version 21.0. 
Results: 1. The DSA imaging of cerebral microvascular and cortical veins of the 
patients with aneurysmal subarachnoid hemorrhage had changed. The mCCT and 
vCCT of patients with aSAH (6.15±1.37 s, 2.79±0.34 s) were significantly longer than 
those with unruptured aneurysm (3.63±0.39 s, 2.63±0.36 s) and normal control group 
(3.74±0.50 s, 2.64±0.32 s) (P<0.05). But the mCCT of patients with aneurysmal 
subarachnoid hemorrhage was more significant(P<0.001). The vCCT of serious cases 
was significantly longer than those milder cases(P<0.01). There were no significant 
difference in the mCCT and vCCT  between the patients with unruptured aneurysm 
and normal control group(P=0.131；P=0.621). 
2. The morphology of deep cerebral veins were changed in aSAH patients. The 
morphology grading of deep cerebral veins in aSAH patients was lower than the control 
group(2=14.880，P=0.001). The morphology grading of deep cerebral veins showed 
significantly positive correlation with GCS score and GOS score (r=0.502, P=0.002) 
(r=0.582, P=0.000). The morphology grading of deep cerebral veins showed 
significantly negative correlation with Hunt-Hess grade and modified Fisher grade (r = 
-0.495, P=0.003) (r = -0.514, P=0.002). The Δφ value of aSAH patients with poor 
prognosis (1449.3±321.5) was higher than aSAH patients with good prognosis 
(1010.6±184.6) and the control group (892.7±116.7)，(Z=3.455, P=0.001) (Z=4.367, 
P=0.000). The Δφ value of aSAH patients with good prognosis was higher than the 
control group (Z=2.874, P=0.004).The more severe the patient's condition was, the 
more obvious the change of deep cerebral vein morphology was, and the lower the 
content of oxygen of cerebral vein was. 
3. The D-Dimer of aSAH patients (3.43±6.15 mg/l) was significantly higher than the 
control group (0.27±0.26 mg/l) before operation (Z=7.338, P<0.001). The reaction 
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time(R-time) of aSAH patients(3.84±0.82 min) was significantly lower than the control 
group (4.54±0.99 min) before operation (t=-3.503，P=0.001). The maximum amplitude 
(MA) of aSAH patients(61.18±4.56 mm) was higher than the control group (59.04±4.10 
mm) before operation (t=-2.266, P=0.026). The D-Dimer of aSAH patients with more 
hemorrhage (4.66±7.41 mg/l )was significantly higher than those with less hemorrhage 
(1.21±0.87 mg/l ) (Z=2.848, P=0.004). There was no significant difference in the 
reaction time between the patients with more hemorrhage(3.82±0.85 min) and those 
with less hemorrhage(3.89±0.81 min) (Z=0.487，P=0.626). There was no significant 
difference in the maximum amplitude between the patients with more 
hemorrhage(61.41±4.84 mm) and those with less hemorrhage(60.76±4.15 mm) 
(Z=0.223，P=0.823). There was a marked change in D-Dimer of aSAH patients with 
poor prognosis before and after operation, and the D-Dimer peakd on the 7th~9th day 
after operation. The D-Dimer of aSAH patients with poor prognosis was significantly 
higher than those with good prognosis. The D-Dimer of aSAH patients with poor 
prognosis increased gradually before and after operation. However, the D-Dimer of 
aSAH patients with good prognosis was remarkably higher on the 7th~9th day after 
operation and then decreased. 
Conclusions:  1. The microvascular cerebral circulation time was prolonged in 
patients with aneurysmal subarachnoid hemorrhage, and the cerebral venous circulation 
time was also prolonged in severe patients(H-H grade 4-5). The mCCT and vCCT 
were ways to evaluate the severity of patients with aneurysmal subarachnoid 
hemorrhage in acute phase. 
2. The morphology of deep cerebral veins in patients were changed after aneurysmal 
subarachnoid hemorrhage, and the blood oxygen content was decreased, especially in 
the severe patients. It suggested that the aSAH patients may have cerebral venous 
circulation disorder. Susceptibility-weighted imaging can evaluate the cerebral 
circulation of the aSAH patients. 
3. Patients with aneurysmal subarachnoid hemorrhage in acute phase were in high 
coagulation status, at the same time, they tend to have secondary fibrinolysis. D-Dimer 
can be used to assess the state of fibrinolysis. Patients with aneurysmal subarachnoid 
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hemorrhage more likely had hyperfunction of coagulation at seven days after operation. 
The changes of coagulation and fibrinolysis in aSAH patients can be better assessed by 
TEG combined with D-Dimer. 
Keywords: aneurysmal subarachnoid hemorrhage; cerebral vein; susceptibility-
weighted imaging(SWI); thrombelastography; coagulation 
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动脉瘤性蛛网膜下腔出血(aneurysmal subarachnoid hemorrhage, aSAH)为神经
外科急重症，是一种致残率和病死率很高的出血性脑卒中。尽管人们对 aSAH 的
病理生理机制进行了大量研究，且药物、外科治疗技术以及围手术期的处理较前
有了很大提高，但蛛网膜下腔出血病人的预后并没有得到明显改善[1]。脑血管及
血流动力学改变与 aSAH 有着密切的关系，人们对于 aSAH 与脑静脉关系的研究
远少于脑动脉血管，但作为脑循环的重要组成部分，脑静脉对于 aSAH 的发生发
展有着不可忽视的影响[2]。 
早期有学者利用经颅彩色多普勒血流显像技术测量 aSAH 患者基底静脉的血
流速度，他们发现：aSAH 患者基底静脉的流速与脑血流量具有相关性，且这种
相关性大于动脉流速与脑血流量的相关性；基底静脉的流速可用来早期预测
aSAH 患者迟发性缺血性神经功能障碍的发生及患者的预后[3]。有研究利用 DSA
测量 aSAH 患者急性期脑动静脉循环时间，以此来预测 aSAH 患者的预后，结果
发现患者 GCS 评分越低，脑动静脉循环时间越长，预后越差[4]。也有学者通过测
定脑微循环时间(microvascular cerebral circulation time)，发现急性期 aSAH 患者
脑微循环时间的延长与迟发性血管痉挛的发生相关[5]，但尚未探究 aSAH 后患者
脑静脉循环时间及脑静脉是否发生改变。 
磁敏感加权成像(susceptibility weighted imaging, SWI)是一种利用不同组织间
磁敏感性差异成像的 MRI 新技术，可同时获得提供相位幅度图像、相位图像、
最小密度投影像和 SWI 图像，对矿物质沉积、血液成分等顺磁性物质敏感性高，
在显示脑内小静脉及脑出血方面优于 MRI 常规梯度回波序列，在脑外伤、脑血
管病、脑肿瘤等疾病的诊治中具有较高的临床应用价值[6]。国内学者利用 SWI 观
察兔蛛网膜下腔出血后大脑深静脉管径和基底动脉管径的变化情况，他们发现兔
SAH 后，大脑深静脉发生痉挛性改变，且大脑内静脉痉挛的发生规律与基底动
脉有明显差异[7,8]。然而，这只是在动物实验中发现 SAH 后脑静脉的改变，而
aSAH 患者的脑静脉是否会发生改变仍不清楚。 
CT 和常规 MRI 可以显示 aSAH 后患者的脑出血、脑肿胀等颅脑损伤征象，
然而并不能显示颅脑静脉尤其是脑深部小静脉的形态学改变，且对于 aSAH 后脑
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组织的血氧水平变化，脑组织是否缺血缺氧等难以进行研究。另外，CT 及常规
MRI 对于评估 aSAH 患者的神经功能转归的能力相对有限。本研究利用磁共振
磁敏感加权成像(SWI)技术评价 aSAH 患者术后脑深部小静脉形态学及血氧含量
的变化，旨为研究 aSAH 后脑深部小静脉的变化及为评估患者的病情提供新的思
路。 
凝血及纤溶系统的相对平衡是维持正常血流循环的重要因素。aSAH 后患者
的凝血及纤溶系统发生了明显的改变，在 aSAH 的发展中有着重要的作用[9]。血
栓弹力图(thrombelastography，TEG)，可通过检测患者血栓粘弹力的变化并以图
像的方式反映血液凝固、纤维蛋白形成的过程，可动态观察纤维蛋白的形成速度、
溶解状态和血凝块的的弹力度、坚固性，是目前临床上评估患者凝血功能的新方
法[10]。然而，鲜有研究利用血栓弹力图(TEG)研究 aSAH患者凝血功能的变化[11]。
本研究利用 TEG，并结合 D-二聚体来检测 aSAH 患者的凝血、纤溶功能的改变，
以期为患者的治疗提供客观依据。 
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